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ABSTRACT
The aim of this study was to determine personal exposure to inhalable dust and endotoxin
levels among workers in an integrated cotton-processing textile factory and exposure vari-
ability across the different work sections. Full shift measurements were carried out using
inhalable conical samplers with 37mm glass-fiber filters. Personal inhalable dust was deter-
mined gravimetrically, and endotoxin levels were analyzed by kinetic chromogenic Limulus
Amebocytes Lysate assay. The geometric means of personal dust and endotoxin concentra-
tions were 0.75mgm3 and 831 EUm3, respectively. The highest dust and endotoxin con-
centrations were observed in carding section (1.34mgm3 and 6,381 EUm3, respectively).
Altogether, 11% of dust and 89% of endotoxin samples exceeded workplace exposure limits.
This study showed a moderate correlation between inhalable dust and endotoxin (r¼ 0.450,
p< 0.001). Our findings indicate that low dust exposure does not guarantee a low exposure
to endotoxin.
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The textile sector is one of the key parts of the develop-
ment agenda in the Ethiopian Growth and
Transformation Plan (GTP II), and it contributes USD
2.18 billion worth of production to the national economy
and provides about 174,000 jobs.1 A survey from 2013
performed by the International Textile Manufacturers
Federation (ITMF) showed that 26% of the cotton used
in textiles globally was moderately or seriously contami-
nated with foreign matter. In a 2009 survey, the ITMF
reported that the cotton used in Ethiopian textiles was
moderately (33%) and seriously (67%) contaminated by
organic matter such as leaves, feathers, debris, etc.2 Thus,
a large number of textile workers are exposed to cotton
dust and its contaminants, including endotoxin from
bacterial contamination,3,4 and both the dust particles
and endotoxin might cause a variety of different respira-
tory health problems.5–8
The concentrations of cotton dust and endotoxin
in the working environment are greatly affected by
various conditions such as the quality of the cotton,
the production rate, the ventilation system, the proc-
essing method, and the method of dust sampling and
analysis.9–11 Most studies have reported higher levels
of dust and endotoxin in the first cotton processing
sections, including ginning, opening, carding, and
recycling, than in the last stages comprising the finish-
ing and garment sections.4,12–14 Previous studies in
different countries have shown mean personal inhal-
able cotton dust exposures ranging from 0.81 to
2.39mgm3.4,10,15–17 In an Ethiopian textile mill, the
mean stationary respirable dust concentration was
found to be 1.75mgm3, but those measurements did
not cover all work sections of the integrated textile
factory and endotoxin was not measured.18
A few studies have also analyzed the levels of per-
sonal inhalable endotoxin exposure in textile mills,
and the results have varied from 191 EUm3 to 2,566
EUm3.4,10,17,19 In some of these textile mills, only
the first part of the textile production was included.
The old textile mills are different than the new, mod-
ern integrated textile mills that are established today
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that also include garment departments with sewing
sections. A typical integrated textile factory has four
main production process departments (spinning,
weaving, finishing, and garment) that are integrated
into a single clothing production line. Endotoxin
exposure has not been adequately assessed in the typ-
ical work sections of integrated textile factories in any
developing countries, and exposure assessments and
workplace inspection efforts have been focused only
on cotton dust measurements and might not provide
sufficient information to evaluate the risk of respira-
tory effects among workers in the integrated textile
factories and to recommend adequate con-
trol measures.
The overall aim of this study was to investigate
personal inhalable dust and endotoxin exposure levels
in the different work sections of an integrated textile
factory in Ethiopia in order to provide current infor-
mation for a respiratory health protection program
among workers in the growing textile sector in low-
income countries. We also wanted to study the correl-
ation between dust exposure and endotoxin exposure.
Few laboratories analyze endotoxin, and it would be
useful to know if the dust levels could also indicate
the level of endotoxin in the inhalable dust fraction.
This would simplify the risk assessment of
such workplaces.
Methods and materials
This exposure study was conducted in an integrated
textile factory comprising the complete production
line from raw cotton to the final products of yarn,
fabrics, and garments. Of the total 130 registered tex-
tile and garment factories in Ethiopia, 20 of them are
integrated textile factories. Three textile factories
across the country fulfilled the criteria of being cot-
ton-processing integrated textile factories, i.e. having
four departments (spinning, weaving, finishing, and
garment), and processing only cotton. From these
three textile factories, one textile factory was chosen at
random for this exposure assessment.
Study setting
The textile factory is situated 550 km northwest from
the capital Addis Ababa. It was established in 1961
and is one of the oldest textile factories in Ethiopia.
The factory has four departments – spinning, weaving,
finishing, and garment – in separate but intercon-
nected sections in one building, except for the gar-
ment department that is located in a separate
building. In 2011, the factory replaced all of the old
machines in the spinning department and some of the
machines in the weaving department. The spinning
and weaving sections have a central, mechanical air
conditioning system and a movable local exhaust ven-
tilation system around the machines. In addition the
carding and ring frame sections have local exhaust
ventilation through openings in the floor.
A total of 1,136 production workers were present
at the time of data collection, including the mainten-
ance and engineering departments. The four depart-
ments were further categorized into sections. In the
spinning department there were three sections: card-
ing (79 workers), open end (67), and ring frame (86).
In the weaving department there were the two sec-
tions: preparatory (68) and fabric making (126). In
the finishing department there was the batching sec-
tion (68), and in the garment department there was
the sewing section (136). The total number of workers
in the seven sections was 630, excluding engineering
and maintenance workers. Workers were selected for
personal sampling from all seven sections.
Descriptions of the tasks of each section are briefly
presented in Table 1.20
Sampling strategy
Previous area measurements in the same factory showed
the highest concentration and variability of dust in the
spinning department and in the fabric-making section
of the weaving department.18 Thus, four of the work
sections (carding, open end, ring frame, and fabric mak-
ing) were considered to be high-exposure groups with
greater variability, whereas the other three work sections
Table 1. Summary of task descriptions and final products of the different sections in the integrated textile factory.
Department Section Description of tasks or activities Products
Spinning Carding Removing impurities and smoothing the raw cotton Tasks include
blowing, carding, and drawing
“Silver” rope-like fiber
Open end Separating the silver rope into single fibers Yarn with high hairiness
Ring frame Twisting the drafted strand with the required count and strength.
Tasks also include roving and auto coning
Higher-quality yarn with uniform structure
and strength
Weaving Preparatory Tasks include warping, winding, twisting, doubling, and sizing Strong, smooth, and elastic warp yarn
Fabric making Combining warp and weft components to make a woven structure
using a loom
Fabric
Finishing Batching Inspecting the quality of the fabrics, bleaching, and dying Good appearance of the fabrics
Garment Sewing Pulling of sheets, cutting, and sewing Clothing
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(preparatory, batching, and sewing) were considered to
be low-exposure groups. According to the recommenda-
tion for exposure assessment by Rappaport,21 repeated
personal air samples were collected from 6 to 12 work-
ers for each similar exposure group. A total of 96 per-
sonal air samples were collected from 64 workers as
indicated in Table 2. Thus, repeated personals air sam-
ples were taken from 32 of these 64 workers. About
10% of the total working population in the four pro-
duction departments was involved in the exposure
measurements.
Exposure measurement and analysis
Personal inhalable cotton dust was collected for an
average duration of 4.3 hours (3.8–5.8 hours) in the
period of January and February, 2017. Dust sampling
was carried out using a conductive plastic inhalable
conical sampler (CIS; JS Holdings, Stevenage, UK)
mounted with a 37mm glass-fiber (GFA) filter
(Whatman International Ltd, Maidstone, UK).22 The
sampling head was attached to the worker’s upper
chest or lapel, not more than 30 cm away from the
nose-mouth region. The pump operated at a flow rate
of 3.5 lmin1. One blank per field site was collected
every day as a quality control.23 A checklist was com-
pleted regarding tasks performed during sampling,
characteristics of the working environment (e.g. air
temperature, humidity, and type of ventilation sys-
tem), and personal protection used. The mean tem-
perature in the working sections was 23.1–35.5 C,
and the mean humidity was 40.6–47.1%. The sampled
filters were transported as hand luggage to Denmark,
for analysis.
The dust samples were analyzed gravimetrically
(pre - and post - sampling weighing). An equilibration
period of a minimum of 24 hours (22 C, 45% relative
humidity) preceded filter weighing, which was per-
formed using a Mettler UMT2 analytical scale
(Mettler-Toledo Ltd, Greifensee, Switzerland) with
0.001mg precision. The result was expressed in
mgm3. Sample extraction and endotoxin analysis
were performed as described by Spann et al.24 in one
of the duplicate dust samples that was randomly
chosen. Briefly, the filters were extracted in 5mL of
pyrogen-free water with 0.05% (v/v) Tween-20. The
samples were initially shaken for 60minutes on a
Multi Reax digital shaker (Heidolph Instruments
GmbH, Schwabach, Germany) and then centrifuged
for 15minutes at 1000 g. Subsequently, 1mL of the
supernatant was removed, aliquoted in four 0.1mL
portions, and stored at 20 C. The extracts were ana-
lyzed for endotoxin in pyrogen-free water (1:200 dilu-
tion) using a quantitative kinetic chromogenic
Limulus Amebocytes Lysate test (Kinetic-QCL 50-
650U kit, Lonza, Walkersville, Maryland, USA).
Results were given in EUm3.
Statistical analysis
The arithmetic means (AM) of inhalable dust and
endotoxin concentrations were stratified by depart-
ment and work section. All further statistical analysis
was performed on log-transformed data because the
distributions of the exposure data were skewed.
Accordingly, the geometric mean (GM) and geometric
standard deviation (GSD) were calculated to deter-
mine the average exposure and the variability of meas-
urements, respectively. Analysis of variance (ANOVA)
and Student’s t-test were performed to compare
exposure levels between departments and work sec-
tions. The correlation between inhalable dust and
endotoxin concentrations was analyzed by Pearson’s
correlation test. The statistical analysis was performed
by using the Statistical Package for Social Sciences
(SPSS) Version 22 software.
Results
A total of 96 samples were collected from the seven
sections of the four departments in the integrated tex-
tile factory. One sample was discarded during labora-
tory analysis due to an overload of dust on the filter.
Sixty-four workers participated in exposure sampling,
and 89% were operators and 11% were transporters or
Table 2. Description of the sampling strategy by working departments and work sections in an integrated textile factory.




selected for air sampling
Number of personal air
samples collected
Spinning Carding 79 12 18
Open end 67 10 15
Ring frame 86 10 15
Weaving Preparatory 68 8 12
Fabric making 126 10 15
Finishing Batching 68 8 11
Garment Sewing 136 6 10
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cleaners. None of the workers used respiratory pro-
tective devices at work.
The overall personal inhalable dust exposure had a
GM of 0.75mgm3 (Table 3). The highest level of
inhalable dust exposure was measured in the carding
section (GM ¼ 1.34mgm3), while the lowest meas-
urements were recorded in the ring frame, sewing,
and preparatory sections (0.42mgm3, 0.46mgm3,
and 0.47mgm3, respectively). The inhalable dust
exposure was significantly different between the
sections within both in the spinning department
(at F¼ 7.1, p< 0.05) and the weaving department
(at F¼ 1.7, p< 0.05). About 11% of the cotton dust
measurements were above the workplace exposure
limit (WEL) of the Health and Safety Executives
(HSE) of the UK of 2.5mgm3.25
The overall personal endotoxin exposure had a GM
of 831 EUm3 (Table 3). The highest personal endo-
toxin exposure was measured in the carding section
(6,381 EUm3), while the lowest exposure was found
in the sewing section in the garment department (76
EUm3). The mean endotoxin exposure level was sig-
nificantly different among the sections in the spinning
department (at F¼ 35.6, p< 0.001). About 89% of the
endotoxin measurements were above the occupational
exposure limit value of 90 EUm3 recommended by
the Dutch Expert Committee on Occupational
Standards.26
The ratio of endotoxin per mass of dust was higher
in the first two departments of spinning and weaving
(2,271and 1,394 EUmg1, respectively) than in the
last two departments of finishing and garment (206
and 112 EUmg1, respectively) along the production
line of the factory. A significant difference was
observed within the departments and work sections at
F¼ 27.8, p< 0.001 and F¼ 22.3, p< 0.001,
respectively.
Generally, the mean exposure levels of both the
inhalable dust and endotoxin showed significant dif-
ferences across work sections, but only the endotoxin
exposure showed such a difference across depart-
ments (p< 0.001).
There was a moderate linear relationship between
personal inhalable dust and endotoxin exposure
(r¼ 0.45, p< 0.001) (Table 3). The correlation was
strong and significant in the weaving and spinning
departments (r¼ 0.65, p< 0.001 and r¼ 0.58,
p< 0.001, respectively), but no such relationship was
seen in the finishing and garment departments
(r¼ 0.571 and R ¼ 0.052 at p> 0.05, respectively).
Discussion
We used standardized and well proven methods for
dust and endotoxin sampling and analysis. All analy-
ses were performed in laboratory facilities at
Denmark, and gravimetric analysis was in accordance
with HSE guidelines.23 The duration between sam-
pling and analysis was on average two months, and
the samples were stored at a temperature of 8 C. It
has earlier been shown that even storage of samples
for more than one year at 7 C did not affect the
endotoxin level.27
The results of the dust sample analysis were com-
pared to the HSE WEL for personal inhalable dust of
2.5mgm3 while handling raw and waste cotton,
Table 3. Personal exposure to inhalable dust, endotoxin, ratio of endotoxin per mg dust and correlation between dust and endo-
toxin across departments and sections in an integrated textile factory.
Department
and section
Inhalable dust (mgm3) Endotoxin (EUm3)





n AM (Range) GM (GSD) AM (Range) GM (GSD) AM (Range) GM (GSD) r
Spinning 48 1.3 (0.1 8.8) 0.71 (2.8)a 4041 (80 30801) 1560 (5.0)a 3876 (106 15432) 2271 (3)a 0.585b
-Carding 18 2.1 (0.5 8.8) 1.34 (2.4) 8665 (2344 30801) 6381 (2) 6526 (611 15432) 5032 (2)
-Open end 15 0.8 (0.2 3.6) 0.57 (2.1) 1824 (495 7077) 1315 (2) 2784 (407 4811) 2323 (2)
-Ring frame 15 0.9 (0.1 7.6) 0.42 (3.1) 1017 (80 5877) 375 (4) 1966 (106 8083) 902 (4)
Weaving 27 1.1 (0.1 6.7) 0.78 (2.3)a 1944 (74 11492) 1086 (3.0) 2242 (350 17938) 1394 (2)a 0.650b
-Preparatory 12 0.7 (0.1 2.1) 0.47 (2.4) 2593 (74 11492) 992 (4) 3756 (350 17938) 2097 (3 )
-Fabric making 15 1.5 (0.7 6.7) 1.16 (1.8) 1424 (455 4818) 1167 (2) 1031 (584 1332) 1005 (1)
Finishingc 11 2.2 (0.3 10.5) 1.25 (2.8) 465 (34 1667) 258 (3) 340 (32 1406) 206 (3) 0.571
Garmentd 9 0.5 (0.4 0.7) 0.46 (1.2) 393 (12 2476) 76 (6) 358 (25 2464) 112 (4) 0.052
All 95 1.3 (0.1 10.5) 0.75 (2.6)e 2647 (12 30801) 831 (5.4)ef 2656 (3418) 119 (5)ef 0.450b
AM¼Arithmetic mean; GM¼Geometric mean; SD¼ Standard deviation; GSD¼Geometric standard deviation; n¼Number of samples.
aTest for differences in means between sections within departments.
bTest for correlation between inhalable dust and endotoxin.
cBatching section in the finishing department.
dSewing section in the garment department.
eTest for differences in means between sections in the factory.
fTest for differences in means between departments in the factory.p-value < 0.05.p-value < 0.001.
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although the limit does not apply to dust from weav-
ing, dyed cotton, or finished articles.25 Because we
used personal inhalable dust sampling, it was deemed
reasonable to compare our samples with the HSE
WEL. In Ethiopia and in many other developing
countries there are no laboratories offering endotoxin
analyses today, and it is a challenge even to be able to
analyze dust samples. Although Ethiopia has an occu-
pational exposure limit value of 1mgm3 for raw cot-
ton, there is no clearly stated limit for exposure to the
dust fraction.28 Also Ethiopia has no occupational
exposure limit values of its own for endotoxin.
Therefore limit values from other countries were used
for comparison.25,26
Personal inhalable dust exposure in this study was
similar to the levels found in studies conducted in
Nepal textile factories (0.81mgm3)4 and in UK cot-
ton mills (1.09mgm3).15 However, our study shows
higher levels than a study performed in a Greek cot-
ton textile mill (0.16mgm3),29 and among cotton
textile workers in Germany where 71% of the samples
were below 0.21mgm3.30 The work place hygiene
improvements prior to the study in Germany and the
efforts toward better work environments in Greece
might have reduced the dust concentrations in those
studies. The results of the present study were, how-
ever, lower than what was seen in Shanghai textile
mills (1.87mgm3),10 in Lancashire textile weavers
(1.55mgm3),16 and in Turkish cotton mills
(2.39mgm3).17 These higher exposure levels could
be due to old machines, poor ventilation systems, or
measurements only being taken from the high-expos-
ure sections in the cotton processing line.
Similar to the dust levels, the findings of this study
revealed higher endotoxin exposure levels than studies
from German textile factories (450 EUm3).30 The
endotoxin levels were also higher than what were
found in Turkish cotton mills (191 EUm3),17 even
though the inhalable cotton dust exposure was higher
in Turkish cotton mills. This could possibly be due to
better quality cotton in Germany and Turkey as well
as to more hygienic housekeeping practices.2
However, the results of our study are lower than in
the studies from Nepal (2,160 EUm3),4 and
Shanghai (1,334 EUm3).10 The higher endotoxin
exposures in those studies could be due to high dust
concentrations in the sampling locations in Shanghai
and the fact that samples were also taken from the
recycling section in the Nepalese study. Studies have
also showed, concentration of endotoxin at the work-
places could be varied by the variations in the
endotoxin analysis technique24 and the quality of the
cotton used.9
The exposure concentrations and the ratio of endo-
toxin to dust were higher in the first step in the pro-
duction process compared to the last step, i.e. between
the carding and the sewing sections. A Turkish study
measured higher dust exposure in the carding section
(3.49mgm3) compared to the packing section in the
garment (1.16mgm3), thus showing a similar
decline in exposure further along the production pro-
cess.17 A similar pattern of decreasing endotoxin con-
centration from the spinning department to the
garment department was found in Nepal.4 One reason
for this could be that in the first stage of the process,
the raw cotton from the farms might contain bacterial
contaminants from contact with soil, leaves, debris,
and animal excretions that are gradually removed by
industrial processing and cleaning activities at the dif-
ferent stages of the production process.2,4 The consid-
erably lower ratio of endotoxin to dust along the
production process from spinning to garment in our
present study supports this suggestion. This is also
reflected in the moderate correlation between inhal-
able dust and endotoxin in the total dataset, while the
correlation was relatively strong in the spinning and
weaving departments. Thus it appears that increasing
levels of inhalable dust exposure might predict higher
endotoxin exposure in the initial cotton processing
sections, but this association is not present in all parts
of the production process, and these results must be
used with caution. Likewise, a moderate relationship
between dust and endotoxin was found in the
Nepalese textile industry.4
A statistically significant difference was seen in the
inhalable dust exposure levels across work sections
(p< 0.001), and further statistical analysis showed
variation in the average concentration of inhalable
dust between the work sections in the spinning and
weaving departments. The relatively high dust concen-
tration in the batching section of the finishing depart-
ment could be due to manual handling when picking
and lowering fabric beams on the ground that might
emit non-cotton dust. .
The variation in endotoxin concentration was also
significant both between working sections and
between departments in the factory (p< 0.001).
Moreover, the endotoxin concentration variation was
significant between working sections in the spinning
department. The low endotoxin concentration in the
ring frame section might be linked to the low level of
inhalable dust, less hairiness in the yarn being made
in this process,20 and/or the presence of functional
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local exhaust ventilation system in the section. The
higher endotoxin concentration in the preparatory
and fabric making sections in the weaving department
could be due to higher inhalable dust concentration,
fabrics being dumped on dusty surfaces, poor house-
keeping practices, and/or the presence of old
machines in the work environment.
This study was conducted with limited resources,
thus personal inhalable dust measurements were not
repeated in different seasons. This would be of inter-
est for future studies in addition to studies at different
production volumes. However, strength of the study
was the use of established methods for dust and endo-
toxin sampling. Also, the days of sampling were
chosen by the researchers and were not influenced by
the workers or employers, thus increasing the likeli-
hood of having representative samples.
This is the first study of personal inhalable dust
and endotoxin exposure in an integrated cotton-proc-
essing textile factory in sub-Saharan Africa. The infor-
mation is considered to be valid also for factories with
similar production in Ethiopia, as well as in other
low-income settings. The information obtained should
be taken into account and be a basis for exposure
reduction programs in the integrated textile factories
of similar types both in Ethiopia and in other low-
income countries.
Conclusions and recommendation
Generally the personal inhalable dust exposure level
measured in this study was 11% higher than the WEL
of the UK. Furthermore, the level of personal endo-
toxin exposure was 89% higher than the Dutch
Experts’ recommendation. Thus our study indicates
that the lower level of inhalable dust exposure does
not guarantee safe exposure to endotoxin. Both per-
sonal dust and endotoxin exposure levels were higher
at the beginning of the textile processing and were
lower in the last work section of the process.
Exposure monitoring programs, including education,
awareness, and provision of personal respiratory pro-
tective devices based on exposure priority; improving
ventilation systems; and regular housekeeping should
be strengthened to protect the respiratory health of
workers in the integrated textile factories.
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